Introduction {#S0001}
============

Cryptorchidism or undescended testis (UDT) is one of the most common congenital anomalies of the genitalia and endocrine system in male children[@CIT0001]--[@CIT0004] that is the third most common urogenital abnormality affecting primary school children in Iran.[@CIT0004] Its prevalence is 3.4% to 5.8% in the newborn term and up to 30% in preterm infants, reducing to 0.8% at one year of age and remaining approximately at the same rate until puberty. The prevalence was reversely associated with increased gestational age in preterm and increased age in term infants.[@CIT0001],[@CIT0003]-[@CIT0007]

Since UDT increases the risk of malignancy and infertility and the affected person is more vulnerable to trauma, orchiopexy surgery is treatment of choice through various laparoscopy or open surgical techniques.[@CIT0001],[@CIT0002],[@CIT0008],[@CIT0009] These techniques have undergone different modifications during recent years to minimize intra and post-operative complications including hernia, testicular atrophy, hydrocele, hematoma, and infection.[@CIT0010]

For preventing postoperative hernia, in the conventional as the standard technique, it is necessary to ligate the patent processus vaginalis (PPV) sac in the proximal part after being peeled off from other components of the spermatic cord;[@CIT0007],[@CIT0008] this increases the risk of subsequent damage to the spermatic cord superfine vessels, vas deferens, and secondary testicular atrophy.[@CIT0010]--[@CIT0012] To prevent this problem, some studies have suggested that the proximal area should be left unligated after peeling the PPV sac off the cord.[@CIT0001],[@CIT0012],[@CIT0013] However, this method may result in inguinal hernia in the first postoperative days when the PPV sac peritonealization is being completed.[@CIT0014]

Given the importance of preventing the aforementioned complications caused by the techniques detailed above, we designed this study to introduce a new technique as PPV sac tightening (PVST), in which the PPV sac opening in the proximal part is tightened at the internal inguinal ring level instead of being peeled off and ligated. We aimed to compare the intra- and post-operative complications in the conventional and new techniques.

Patients and Methods {#S0002}
====================

This retrospective study was conducted in Namazi and Shahid-Faghihi hospitals during 2007 to 2016. Our sample included all UDT patients who underwent non-urgent and elective open orchiopexy surgery using standard conventional and new technique by a single surgeon who also served as the senior pediatric urologist during the ten past years. In this study, we excluded the patients with very short spermatic cord, testicular and spermatic cord torsion, other serious congenital disorders, nubbin or absent testis, history of previous urologic surgery, incomplete follow up post-operation and medical records information. The remaining patients were divided into two groups: ligation group as the conventional technique and tightening group as the new technique.

Data Collection {#S0002-S2001}
---------------

To collect the required data, we prepared a form with three sections. The first section addressed the basic information; age at the time of operation, history of previous surgery, and date of operation. The second section included information about the testis location (based on the post-anesthesia induction exam and before starting the procedure), surgery time (defined as the time from skin incision till skin closure), the operation side, the type of orchiopexy surgery (scrotal, inguinal, abdominal exploration), and intraoperative complications (PPV sac tearing, the vas deferens damage, and damage to the spermatic cord superfine vessels). The third section included information about the postoperative complications: hematoma, edema, wound infections, testicular atrophy, reascendance of testis, hernia, and hydrocele in the one, six and twelve-month follow up visits.

Testicular atrophy has been defined as 25% decrease in the volume of the operated testis (measured in pre-operation visit and post-operation follow up visits by orchidometer) compared to the contralateral normally descended testis. Therefore, the patients with bilateral undescended testes were excluded from the final analysis.[@CIT0015],[@CIT0016] The above data were extracted from the patients' medical records such as operation report sheets and their medical cases recorded in the hospital and clinic before and after the operation. Incomplete information was supplemented through phone calls with the patients' parents.

Surgical Technique ([Figures 1](#F0001){ref-type="fig"}--[4](#F0004){ref-type="fig"}) {#S0002-S2002}
-------------------------------------------------------------------------------------

The patients underwent surgery using the conventional orchiopexy technique from 2007 to 2010 and then using our new technique (PVST). After general anesthesia induction, palpability and testis site were checked and the orchiopexy was done through inguinal or scrotal incision based on the preoperative examination. Orchiectomy was performed for nubbin testes. [Figure 1](#F0001){ref-type="fig"} shows the schematic cross-section view of the spermatic cord and PPV sac in PVST technique.Figure 1Schematic cross-section view of the spermatic cord and PPV sac in PVST technique.Figure 2PPV sac proximal opening with a narrow thin layer of sac wall left on the spermatic cord after dissection in PVST technique.Figure 3Closed PPV sac opening by PVST technique.Figure 4PVST technique steps.

### Conventional Technique (Ligation Group) {#S0002-S2002-S3001}

Upon the localization of the testis and spermatic cord, after cutting the gubernaculum, these structures were released from the inguinal canal walls. Then, the tunica vaginalis was dissected and the patent processus vaginalis sac was carefully peeled off from the vas deferens and the spermatic cord superfine vessels up to the level of internal inguinal ring, and at this level it was clamped. Afterwards, the PPV sac was cut distal to the clamp and its proximal part was twisted and ligated with vicryl suture.

### PVST Technique (Tightening Group) {#S0002-S2002-S3002}

For preventing any possible damages to the spermatic cord superfine vessels and vas deferens and also preventing the tearing of patent processus vaginalis sac with a very thin wall, in this technique after cutting the gubernaculum and opening of the PV, the testis was delivered, PV was incised till the closest edge of the spermatic cord structures, and then PV sac was dissected longitudinally from the sides till the proximal part and only a narrow thin layer sticking to the spermatic cord was left ([Figure 2](#F0002){ref-type="fig"}). Then, the proximal opening of the PPV sac was tightened to the possible extent, using the vicryl suture 4--0 at the internal inguinal ring level without removing the sticking layer on the spermatic cord and its fine structures ([Figure 3](#F0003){ref-type="fig"}). To evaluate the tightening adequacy for preventing the subsequent inguinal hernia development, a pressure on the lower abdominal part was applied and if any abdominal fluid leakage was seen from the tightened proximal opening of the PPV sac, the tightening level would be increased till no leakage was seen by this maneuver. In the scrotal orchiopexy procedure which was performed on the lower lying undescended testes, through a scrotal incision of the testis, the spermatic cord, and the PPV sac were pulled out of the external inguinal ring by applying sufficient traction force and the mentioned procedures and techniques were done on the PPV sac. Then, the traction force was released and the structures were retracted back into the canal. The next steps of the testicular lowering procedure and fixing it to the scrotal wall were common among all types of techniques detailed above and similar to the standard technique. Steps of PVST technique is presented in [Figure 4](#F0004){ref-type="fig"}.

Statistical Analysis {#S0002-S2003}
--------------------

The collected data were analyzed using SPSS Software (Version 18). The qualitative data were expressed in number and percentage and analyzed through the Chi-square test. The quantitative data were expressed as the mean and standard deviation and analyzed using *t*-test. The significance level was considered less than 0.05.

Results {#S0003}
=======

The participants in this study were 643 boys aged 6 months to 12 years with the mean age of 24.5±24.2 months who underwent surgery with the primary diagnosis (impression) of UDT. With regard to the fact that 225 of all patients suffered bilateral UDT, a total number of 868 operated testes were reviewed in this study. Of the total number of testicles under analysis, 450 testicles (51.8%) were bilateral UDT, and of unilateral ones 196 (22.6%) were at the right side and 222 (25.6%) were at the left side. Besides, 679 testicles (78.2%) were palpable after induction of anesthesia, of which 39 (4.5%) were diagnosed as nubbin and underwent orchiectomy. No testicle was found after inguinal and abdominal exploration in 8(0.9%) cases.

Of 868 operated testes, 202 (23.2%) were scrotal orchiopexy, 524 (60.3%) inguinal orchiopexy, 95 (11.4%) abdominal exploration and orchiopexy, and 39 (4.5%) orchiectomy of nubbin testis.

After excluding orchiectomy cases and those with absent testis, a total number of 821 cases were assessed in the study. In addition, 298 (36.3%) patients underwent surgery using the conventional technique (ligation group) and 523 (63.7%) patients by the PVST technique (tightening group).

[Table 1](#T0001){ref-type="table"} shows the comparison of the two groups in terms of postoperative complications and different pre-operation testis positions and surgical approaches. As can be seen, reascending and hernia were not observed in either group. In addition, there were no significant differences between the groups in terms of the postoperative complications, except for testicular atrophy (p\>0.05).Table 1Comparison of the Two Groups in Terms of Postoperative Complications, Different Pre-Operation Testis Positions and Surgical ApproachesPost-Operative Complications Based on Testis Position N(%)AllSurgical Techniquesp-valueGroup A ConventionalGroup B PVSTTotal821298523--Scrotal orchiopexy202(24.6)6(3.0)196(97.0)Inguinal orchiopexy524(63.8)260(49.6)264(50.4)Abdominal exploration95(11.6)32(33.7)63(66.3)Reasending Testis000--Scrotal orchiopexy000Inguinal orchiopexy000Abdominal exploration000Hernia000--Scrotal orchiopexy000Inguinal orchiopexy000Abdominal exploration000Hydrocele2(0.2)1(0.3)1(0.2)1Scrotal orchiopexy000Inguinal orchiopexy2(0.4)1(0.4)1(0.4)Abdominal exploration000P-value0.5670.9290.612Hematoma13(1.6)5(1.7)8(1.5)1Scrotal orchiopexy1(0.5)01(0.5)Inguinal orchiopexy9(1.7)5(1.9)4(1.5)Abdominal exploration3(3.2)03(4.8)P-value0.2110.6900.057Edema47(5.7)19(6.4)28(5.4)0.442Scrotal orchiopexy14(6.9)014(7.1)Inguinal orchiopexy32(6.1)19(7.3)13(4.9)Abdominal exploration1(1.1)01(1.6)P-value0.1040.2570.212Infection19(2.3)10(3.4)9(1.7)0.151Scrotal orchiopexy4(2.0)04(2.0)Inguinal orchiopexy13(2.5)8(3.1)5(1.9)Abdominal exploration2(2.1)2(6.3)0P-value0.9130.5780.530Testicular atrophy9(1.1)7(2.3)2(0.4)0.030Scrotal orchiopexy1(0.5)1(16.6)0Inguinal orchiopexy6(1.1)4(1.5)2(0.8)Abdominal exploration2(2.1)2(6.2)0P-value0.7590.0320.621Mean Operation Time (minutes)19.7 ± 3.122.8 ± 3.517.8 ± 2.80.001

In order to assess the testicular atrophy as the most important postoperative complication, due to the necessity of comparing the affected operated testis size with the normally descended opposite one, the patients with orchiopexy for bilateral UDT were excluded from the final analysis. Postoperative testicular atrophy occurred significantly more in the conventional than PVST technique: 7 (2.3%) cases compared to 2 (0.4%) cases, respectively (p=0.030). No significant difference in post-operation complications was seen between different pre-operation testes positions and surgical approaches (scrotal, inguinal, abdominal) in both groups. The mean operation time was 22.8±3.5 mins in the conventional and 17.8±2.8 mins in the PVST group (p=0.001). In [Table 2](#T0002){ref-type="table"}, the mean age of patients with and without post-operative complications is presented in both groups. The number of patients operated by each technique and surgical approaches, also laterality and palpability of them are presented in [Table 3](#T0003){ref-type="table"}.Table 2The Mean Age of the Patients with and Without Post-Operative Complications in Both GroupsPost-Operative Complications According to the AgeAgeSurgical Techniquesp-valueGroup A ConventionalGroup B PVSTTotal24.5±24.217.7±13.622.7±19.9\<0.001Hydrocele Yes9.0±4.26.012.01.000No19.9±14.927.4±27.9p-value0.1110.796Hematoma Yes30.1±28.515.7±11.140.9±33.40.081No19.9±15.027.1±27.9p-value0.4930.152Edema Yes33.9±3.924.3±22.441.5±39.60.059No19.5±14.326.6±27.0p-value0.0580.336Infection Yes36.2±38.424.6±16.250.3±52.60.191No19.7±14.926.9±27.3p-value0.3390.310Testicular atrophy Yes35.2±14.526.7±8.444.0±21.20.533No17.4±13.622.5±19.9p-value0.0740.115 Table 3The Number of Operated Testes in Each Group and Their Laterality and PalpabilityN**%**Total Operated (orchiopexy) Testes821--Operated by Conventional Technique29836.3Operated by PVST Technique52363.7Scrotal Orchiopexy20223.2Inguinal Orchiopexy52460.3Abdominal Exploration & Orchiopexy9511.4Orchiectomy (Nubbin testes)394.5Absent testis80.9Bilateral45051.8Right side19622.6Left side22225.6Palpable67978.2Non Palpable18921.8

Discussion {#S0004}
==========

In the standard orchiopexy, peeling off the PPV sac from other subtle structures of the spermatic cord, cutting and ligation of its most proximal part to prevent a hernia is recommended as a necessary step of this procedure.[@CIT0007],[@CIT0008] However, it seems that there is a risk of spermatic cord damage (its vessels and vas deferens), especially at lower ages that may result in delayed secondary testicular atrophy.[@CIT0010],[@CIT0012] There is another risk of tearing and retracting of PPV sac wall that increases the surgery time for repairing.[@CIT0001]

Therefore, in order to prevent these complications, some studies have proposed the san ligation technique in which the proximal part of the PPV sac is left unligated after the PPV sac is peeled off the spermatic cord.[@CIT0001],[@CIT0012],[@CIT0013] Many researchers who have proposed san ligation technique believed that the metamorphosis of the mesodermal cells leads to peritonealization of the PPV sac opening. However, it should be noted that the peritoneal repair of the defect in the PPV sac opening starts after 48 hrs and takes 2--3 weeks to be completed.[@CIT0014] Nevertheless, during the mentioned period, especially within the first 48 hrs, one cannot be assured of the non-development of a hernia through the PPV sac opening;[@CIT0001],[@CIT0012],[@CIT0013] there are some reports on the risk of the occurrence of a postoperative hernia if the sac opening is left open. Even in one reported case, the incarcerated hernia led to the intestinal resection during a few days after the operation.[@CIT0006],[@CIT0017] Given the potential risk of development of the postoperative hernia in the cases in whom the PPV sac opening is not closed and considering the pathology of the peritoneal repair, the duration of spontaneous closure of its defect and the reports related to cases with post-operation hernia development, especially when the PPV sac has a wide opening and the defect is large, the san ligation technique cannot be recommended with full confidence.

The mean age of our patients was close to the age recommended for surgery in the related studies (under 1--2 years),[@CIT0006] and the patients who underwent surgery at a higher age were those who had delayed diagnosis and referral from the primary medical centers.

To prevent the complications associated with both ligation and san ligation techniques, we suggest PVST technique in which the PPV sac is dissected longitudinally from the two sides of where the PPV sac wall is attached to the spermatic cord till the proximal part, and the proximal PPV sac is tightened to the possible extent. This can somehow prevent the possible damages made to the subtle structures of the spermatic cord as the result of peeling off the PPV sac from the spermatic cord and ligation of its proximal opening in the conventional standard techniques. However, the PVST technique closes the PPV sac opening and prevents the incidence of a secondary hernia. Thus, to ensure the safety of our technique, we compared the postoperative complications among the patients who had undergone surgery using the conventional ligation as the standard technique and the proposed tightening technique during ten years.

Testicular reascending, as a postoperative complication, was not seen in our both groups; it was predictable because in both surgical techniques we fixed the testis to the scrotal wall.[@CIT0001],[@CIT0006],[@CIT0008] Another post-operative complication that could potentially occur in the case of the non-closure of the PPV sac opening was a secondary hernia. However, it was not seen in the two groups due to the closure of the PPV sac opening in both, that was the same as the results in other studies.[@CIT0001],[@CIT0008] The occurrence rate of the other postoperative complications including hydrocele, hematoma, edema, and infection of operation site was lower in the new technique. However, this difference was not significant and it was the same in previous studies.[@CIT0001],[@CIT0010] The current results showed that testicular atrophy in the conventional group was similar to the previous studies.[@CIT0008],[@CIT0016],[@CIT0018] However, its rate was significantly lower in our PVST technique, so it may confirm our hypothesis about the safety of the tightening technique that may prevent possible damages to the subtle structures of the spermatic cord, especially its superfine vessels. There was no significant difference between the mean age of the patients with post-operative complications in both groups.

Duration of PVST surgery, as a new technique, was significantly shorter than the conventional technique. Given the ease of implementing the introduced technique compared to the standard technique and the elimination of the time-consuming nature of the operation for the complete peeling off the PPV sac from the spermatic cord, it seems that the use of the proposed technique may reduce the operation time compared to the conventional technique.

Altogether, the proposed PVST technique is easier to perform compared to the conventional sac ligation technique; if its safety is confirmed in the subsequent prospective studies, it will appear to have a lower learning curve than the standard technique and it can be used easily even by inexperienced general urologists with no considerable complications.

Limitation {#S0005}
==========

This is a retrospective study, so it was impossible to find some complications such as tearing the PPV sac wall or damage to the spermatic cord superfine vessels. Also, duo to shortcomings of the study, we lacked data on the follow-up postoperative visits in some cases. Also, Marcaine was administered in the surgery site as the local anesthesia to reduce pain, and pain could not be examined.

Conclusion {#S0006}
==========

Based on this study results, it seems that PVST technique in comparison to the standard orchiopexy technique is safer with lower complications and also easier and faster to do, so this technique is recommended if prospective studies confirm these results.
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